To evaluate the effects of S-methylisothiourea hemisulfate (SMT) on the healing of colonic anastomosis in rats.
Introduction
The metabolism of nitric oxide (NO) has been widely investigated in wound healing, especially in intestinal anastomosis.
NO is synthesized by macrophages and is an important cell mediator of tissue repair. The release of NO is found to increase during trauma, surgical stress, and sepsis. Macrophage oxidation of L-arginine to NO is catalyzed by nitric oxide synthases (NOS).
This process also generates citruline and the intermediate hydroxy-L-arginine. There are three enzyme isoforms: two are constitutive (neuronal and endothelial) and one is inducible (inducible nitric oxide synthase, iNOS) 1 .
During healing of wounds and burns there is an increase in iNOS activity 2 .The resulting increase in NO formation may have a negative influence on fibroblast collagen synthesis; it may also deteriorate cases of inflammation and sepsis. The increase has also been implicated in the pathophysiology of a variety of diseases, including circulatory shock. Studies show that nitrite and nitrate are the stable metabolites for the consumption of L-arginine and production of NO, and their plasma or urine dosage represent this production 3, 4 .
Several drugs may reduce or inhibit the effects of NOS.
One such drug is S-methylisothiourea hemisulfate (SMT). Several studies have shown the specificity of SMT for iNOS. SMT in vitro is 10 to 30 times more potent than any other iNOS inhibitor 4 .
Shaffer et al. 5 showed that wound fibroblasts are phenotypically altered during the healing process to synthesize NO.
The authors also showed that SMT in vitro not only reduces NO synthesis, but also does not affect the proliferation of fibroblasts and increases collagen contractility.
The aim of the present study was to evaluate the effects of S-methylisothiourea hemisulfate on colonic anastomosis healing in rats.
Methods
The present study was approved by the Ethics Committee for Animal Use of the Biological Sciences Insitute at Brasilia University. All experiments and procedures were performed in accordance with the Brazilian guidelines involving animals in research.
The study used 60 male, healthy Wistar rats (rattus norvergicus); rat body weight ranged between 248g and 364g;
age ranged between 90 to 120 days. Rats were randomized into two groups, experimental (E) and control (C), with 30 rats in each group. The rats were subdivided into groups of 10 rats for euthanasia on the third (subgroups E3 and C3), seventh (subgroups General anesthesia was induced using 5mg/kg of weight xylazine hydrochloride (Rompum™) and 25mg/kg of weight ketamine hydrochloride (Ketamin™) via intramuscular injection. Next, we performed a midline incision and identification of the descending colon, resection of 1cm of colon 3cm above the peritoneal reflection, and termino-terminal anastomosis (6-0 polypropylene suture) 7 .
Reoperation was carried out on the previously set date for each group. Nitrite/nitrate (NOx) concentrations were measured using the Greiss reaction on serum obtained after centrifuging 5ml of arterial blood (drawn by cardiac puncture (Figure 1 ). Adhesions showed lower resistance to breaking on the third postop day and became more resistant on the seventh and 14 th days.
Incidence of anastomosis dehiscence was one on control group and four on the SMT group but there was no difference between the subgroups (p=0.05). Anastomosis dehiscence was blocked by the omentum and adjacent organs. There were no cases of diffuse peritonitis, abscess, or anastomosis leakage.
Breaking strength increased with time in all subgroups with no statistically significant differences between them ( Figure   2 ). Serum NOx (µM)
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Group E3 showed significantly more vascular neoformation (p=0.002) and more granulation (p=0.0001).
Subgroup E14 had a stastically significant greater presence of edema in comparison to C14 (p=0.002); this difference was not observed in the third and seventh POD. There were no differences between the groups in presence of congestion, focal hemorrhage, ulceration, necrosis, mononuclear infiltrates, or fibrosis.
Discussion
SMT is one of the most selective drugs among iNOS inhibitors. Other studies have been carried out on the effect of SMT on colon anastomoses healing with intraperitoneal injections that ranged from 3.0mg/kg/day to 200mg/kg/day (every 12 hours or by continuous infusion) 4, 6, 9 . In the present study, SMT was administered at 72 h. The rationale behind this choice is that iNOS is more active during the first days after surgical trauma. iNOS peaks during the first 24 hours and remains active for up to 10 days 10 . Other authors have corroborated the finding that the most active period of NOS is during the early stages of wound healing 11 .
The mortality rate in the study was 10%. Deaths were most likely caused by anesthetic complications: there were no signs of bleeding, anastomosis dehiscence, or peritonitis. Previous studies on healing of intestinal anastomoses in rats have reported mortality rates that ranged from zero to 11.4% 7,12,13 .
The weight loss was followed by weight recovery up until the 14 th POD. The losses may have been associated with surgical stress 14 . Weight loss has been described in previous studies on wound healing 15, 16 . Others reported weight recovery as early as the seventh POD 17 . The increase in breaking strength found with the passing of the PO period in both groups corroborates other studies in the literature 18 . The lack of a statistically significant difference on the third POD might be because the operated area is kept together by the suture during this period 19 
.
The histopathological evaluation by an experienced examiner blind to experimental groups is an important criterion for the evaluation of the evolution of the healing of colon anastomoses 7, 8 . Among the indicators evaluated, there was a statistically significant higher presence of vascular neoformation and granulation in group E3; of necrosis in subgroup C3; and of edema in subgroup E14. These findings indicate that iNOS inhibition by SMT favored an improvement in the process of healing.
The study did not show any difference between the subgroups for plasma dosage of nitrite/nitrate on the third, seventh, and 14 th POD. This result was not expected; our expectation was that there would be a higher dosage of nitrite/nitrate on the third POD. This dosage would decrease with time and, in the experimental group (i.e. administered SMT), the dosage of NO would be smaller than in the control group.
Conclusion
The use of S-methylisothiourea hemisulfate improved the healing of colonic anastomosis in rats on the third postoperative day by accelerating the proliferative stage of healing, but without interfering with the breaking strength of the anastomosis.
